Laser-assisted chemical vapour deposition (LCVD) has been extensively studied in the last two decades. A vast range of applications encompass various areas such as microelectronics, micromechanics, microelectromechanics and integrated optics, and a variety of metals, semiconductors and insulators have been grown by LCVD. In this article, we review briefly the LCVD process and present two case studies of thin film deposition related to laser thermal excitation (e.g., boron carbide) and non-thermal excitation (e.g., CrO 2 ) of the gas phase.
Introduction
Chemical vapour deposition (CVD) has been one of the most widespread technologies for fabricating thin films and coatings. It has long been used in the manufacture of very different types of films for a variety of applications, either as protective or functional coatings [1] . In a conventional (thermal) CVD process, a solid product is formed as the result of a chemical reaction occurring in a gas or vapour phase near or on the surface of a substrate. The reaction is thermally activated, i.e., the substrate is directly and uniformly heated, and an extended uniform film of the deposited material is obtained onto the substrate. By comparing CVD with physical vapour deposition (PVD) processes, CVD has a higher throwing power. In fact, it is not restricted to a line of sight deposition, allowing to coat deep recesses, holes and other three-dimensional features with different shapes and sizes [1] .
However, the increasing complexity and miniaturisation of systems needed in such areas as microelectronics, micromechanics, microelectromechanics and integrated optics, require controlled area coating techniques which avoid excessive application of chemicals. This is achieved in CVD, and other large area deposition techniques, by employing a sequential application of mechanical masking and/or lithographic methods. Nevertheless, these procedu Fax.: +351-21/7500-977, E-mail: oconde@fc.ul.pt ures are time-consuming and often difficult to apply, especially if the substrate is non-planar. Further, for many of the chemical reactions used in the deposition of materials with interesting properties, the chemical reaction threshold temperatures are relatively high, usually above 1000 • C, which limits the ability to coat heat-sensitive substrates [2] .
Therefore, whenever selective area growth is needed and/or heat-sensitive substrates are employed, the use of a laser beam to induce CVD (LCVD) is advantageous, overcoming the main drawbacks of CVD. For instance, LCVD offers spatial resolution of the deposited material, limited distortion of the substrate avoiding deleterious effect on bulk material properties, high purity films due to smaller heat affected zone and greater control of the grain size due to rapid non-equilibrium heating and cooling rates [3], ease of processing at 3D [4-6] and deposition rate enhancement [7] .
LCVD was extensively investigated in the last two decades and a wide variety of metals, semiconductors and insulators have been deposited, mainly for microelectronic applications [7] [8] [9] [10] [11] . However, the use of LCVD as a deposition method is beyond the microelectronic field and may be successfully employed to deposit a vast diversity of materials useful in other technological branches. It is our purpose in this article to discuss the syntheses of two ceramic compounds, boron carbide (B 4 C) and chromium dioxide (CrO 2 ), by laser-induced CVD using infrared and ultraviolet lasers respectively. These materials find quite different applications, B 4 C being a wear-resistant superhard compound and CrO 2 a half-metallic material with special interest in the new and promising field of spin-electronics.
Laser-assisted chemical vapour deposition
Laser-assisted chemical vapour deposition can be based on two different mechanisms. Depending on the wavelength of laser radiation and on the precursor compounds and substrate material used, LCVD is governed by chemical reactions that are initiated by pyrolysis (photothermal or pyrolytic LCVD) or by photolysis (photochemical or photolytic LCVD). In many systems both pyrolytic and photolytic mechanisms contribute simultaneously to the reaction, although one of them may dominate the deposition process.
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Pyrolytic LCVD
In pyrolytic LCVD the vapour phase is transparent to the laser radiation. The laser beam impinges on the substrate at perpendicular incidence and the chemical reaction is thermally driven through localised heating of the substrate surface by the laser radiation. With a stationary laser beam three-dimensional material structures can be grown. By moving the substrate relative to the laser beam, single-step deposited patterns may be generated. For example, in the case of a single translation, a stripe is drawn whose width and height depend on a large number of parameters including the optical and thermal properties of the substrate and film materials, the energy distribution profile of the beam, the laser power density, the scanning velocity, the chemical reaction threshold temperature and the reaction kinetics.
The microscopic mechanism for deposition is expected to be essentially the same as in thermal CVD, namely the thermal activation of the chemical reaction. As a consequence, all reactions observed in large area deposition can, in principle, be used in pyrolytic LCVD. Nevertheless, a number of fundamental new kinetic aspects arise in laser thermal deposition owing to the 3D character of the diffusion of the chemical species into the microreaction zone generated by the localised heat source. A major consequence of this is the observed strong enhancement of the deposition rate easing the growth of 3D microstructures [4] .
Pyrolytic LCVD was first carried out by Lydtin [12] , in 1972, related to carbon deposition on aluminium substrates, using an IR laser. Since that time almost all commercially available lasers have been utilised as radiation sources. When high spatial resolution is required, in particular submicron size patterns for microelectronic devices, argon and krypton ion lasers are preferred. Otherwise, Nd : YAG, Nd : glass and CO 2 lasers may be also employed -most gases do not absorb either visible or infrared wavelengths.
Photothermal LCVD can be also accomplished by vibrational excitation with IR laser light. By using an appropriate combination of the type of laser and the gas phase -chemical precursor and/or photosensitizer -some species can be excited vibrationally which leads to the heating up of the entire gas phase throughout collisional and vibrational relaxation processes. A CO 2 laser and BCl 3 , SiH 4 or NH 3 are examples of such a combined system. In fact, these compounds present vibrational infrared-active modes within the CO 2 laser emission range [13-16].
Photolytic LCVD
Photo-induced CVD has attracted much attention as a low temperature technique for growing thin films. Both lamps and lasers have been used as photon sources. Because laser beams provide a much higher power density, growth rates can be increased by a factor of 10 2 compared to those obtained by employing conventional light sources [17] . Photolytic LCVD is thus a powerful technique for the growth of extended coatings on temperature sensitive materials.
In photolytic LCVD, film deposition occurs by direct bond breaking of precursor molecules due to resonant absorption of the laser radiation. The laser and precursor for photolytic LCVD are so chosen that the precursor molecules have a large Representative laser lines of several available commercial lasers absorption cross-section for the laser radiation and the chemical bond energy of the precursors is less than or equal to the energy of a single photon of the laser beam. Because most molecular bond energies are of several electron-volt [18], visible or UV laser light are generally required for dissociativeelectronic excitation ( Table 1) . The usual experimental set-up for photolytic laser deposition is based on the parallel configuration, i.e., the laser beam passes parallel to the substrate surface at a certain distance, and the chemical reaction starts after the laser photons have been absorbed by the reactive gas phase. Therefore, this geometry allows an independent control of the substrate temperature during the deposition process. However, the perpendicular geometry can be also successfully used combining both photolytic and pyrolytic processes.
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Laser-assisted deposition of boron carbide films 3.1
Material properties and applications
Hard coatings are primarily used to protect surfaces from abrasive wear. The importance of hard wear protective coatings in machining applications was recently illustrated by Veprek [19] who showed that more than 40% of all cutting tools are coated with wear resistant materials. Moreover, the availability of wear resistant superhard coatings for high speed dry machining would allow industries to increase the productivity of expensive automated machines and to save on the high costs presently needed for environmentally hazardous coolants [19] .
Rhombohedral boron carbide, often denoted r-B 4 C, is an intrinsic superhard material along with diamond and cubic boron nitride. It is the most stable compound in the boroncarbon system and exists as a single-phase material over a wide range of solubility, generally accepted from about 9 to 20 at % C. Its very high hardness (∼ 40 GPa at room temperature) and abrasive resistivity, only inferior to diamond and cubic-BN, high melting point and modulus of elasticity, low specific weight, exceptional stability towards the effects of various acids and bases, etc. determine large possibilities for application of boron carbide in various branches of modern industry. Furthermore, above 1100 • C and in a nonoxidizing atmosphere, B 4 C is the hardest compound known up to now [20] , since diamond and cubic boron nitride tend to weaken at high temperature due to the transformation from the sp 3 cubic structure into the sp 2 hexagonal structure.
